O-acetylation and de-O-acetylation of sialic acids. Purification, characterization, and properties of a glycosylated rat liver esterase specific for 9-O-acetylated sialic acids.
We have previously described the preparation and use of 9-O-[acetyl-3H]acetyl-N-acetylneuraminic acid to identify sialic acid O-acetylesterases in tissues and cells (Higa, H. H., Diaz, S., and Varki, A. (1987) Biochem. Biophys. Res. Commun. 144, 1099-1108). All tissues of the adult rat showed these activities, with the exception of plasma. Rat liver contained two major sialic acid esterases: a cytosolic nonglycosylated enzyme and a membrane-associated glycosylated enzyme. The two enzymes were found in similar proportions and specific activities in a buffer extract of rat liver acetone powder. By using the latter as a source, the two enzymes were separated, and the glycosylated enzyme was purified to apparent homogeneity by multiple steps, including ConA-Sepharose affinity chromatography and Procion Red-agarose chromatography (yield, 13%; fold purification, approximately 3000). The homogeneous enzyme is a 61.5-kDa disulfide-linked heterodimeric protein, whose serine active site can be labeled with [3H]diisopropyl fluorophosphate. Upon reduction, two subunits of 36 kDa and 30 kDa are generated, and the 30-kDa subunit carries the [3H]diisopropyl fluorophosphate label. The protein has N-linked oligosaccharides that are cleaved by Peptide N-glycosidase F. These chains are cleaved to a much lesser extent by endo-beta-N-acetylglycosaminidase H, indicating that they are mainly complex-type glycans. The enzyme activity has a broad pH optimum range between 6 and 7.5, has no divalent cation requirements, is unaffected by reduction, and is inhibited by the serine active site inhibitors, diisopropyl fluorophosphate (DFP) and diethyl-p-nitrophenyl phosphate (Paraoxon). Kinetic studies with various substrates show that the enzyme is specific for sialic acids and selectively cleaves acetyl groups in the 9-position. It shows little activity against a variety of other natural compounds bearing O-acetyl esters. It appears to deacetylate di-O-acetyl- and tri-O-acetyl-N-acetylneuraminic acids by first cleaving the O-acetyl ester at the 9-position. The 7- and 8-O-acetyl esters then undergo spontaneous migration to the 9-position, where they can be cleaved, resulting in the production of N-acetylneuraminic acid. In view of its interesting substrate specificity, complex N-linked glycan structure, and neutral pH optimum, it is suggested that this enzyme is involved in the regulation of O-acetylation in membrane-bound sialic acids.